An in vitro trial was conducted in fermentation vessels under anaerobic conditions using composite feed-1 and composite feed-2 with inclusion of different levels of Coconut Oil (CO) along with buffered rumen liquor of sheep to observe the effects of oil on rumen methanogenesis and fermentation. The Composite Feed-1(CF-1) consisted of 40% of concentrate and Composite Feed-2 (CF-2) had 25 % of concentrate. The different levels of CO used were 0.5,1 and 2 µl/ml. Among the gas production and methane concentration parameters the inclusion of CO showed a significant decrease of 38.67%. A non significant effect on gas production was noted with the inclusion of CO in CF-2. Further, a decrease in total gas production and methane concentration was observed which was highly pronounced in CF-1 as compared to CF-2. The rumen digestibility by inclusion of CO in CF-1 and CF-2 decreased significantly (P < 0.01) from control.
. Methane is produced in the rumen as a product of normal fermentation of feedstuffs. Due to exhalation of methane into the atmosphere,depending upon the diet, a loss of ingested feed-derived energy of approximately 2-12% is suffered by the ruminant 8 . The methane produced from the rumen is primarily emitted from the animal by eructation. Sheep is one of the important ruminant livestock for global agricultural economy and contributes to sustainable agriculture. Like another ruminant, it has rumen, reticule and abomasums and the fermentation process take place in sheep rumen leading to generation of Methane. Methane is produced in the rumen and hindgut of sheep by a group of Archaea known collectively as methanogens, which belong to the phylum Euryarcheota.
Modification of ruminal fermentation using feed additives has proven to be a useful strategy to improve production efficiency in dairy cattle. The potential use of natural antimicrobials such as herbs and plant extracts are being explored and evaluated by workers.
Workers 9 have suggested that reduction in methane emission by up to 80% in vitro and about 25% in vivo might be possible with an addition of oils to the diets. . Scientists 10, 11 have explored Coconut oil for methane abatement experiments and the oil has been found to induce significant reductions in methanogenesis and has gained popularity among scientific community, although depending on the inclusion level, the extent of the reduction in methane emission varies from 13-73%, depending on diet, and also experimental ruminant species . Coconut oil has been noted to directly inhibit rumen methanogens, probably by changing their metabolic activity and composition 9 . Further, it is expected that this oil would provide significant reduction in methanogenesis in vivo since it has a ratio lauric to myristic acid of 2.6:1.0, similar to the effective ratios for methane abatement of 4:1, 3:2, and 2.5:1.0, found in vitro 12 Therefore, the present study on evaluation of anti-methanogenic activities in rumen of sheep (in vitro) induced by coconut oil was undertaken to investigate the effect of eucalyptus oil for reducing enteric methane emission.
Materials and method

Animals
The present study was carried out in the laboratory of Central sheep and Wool Research Institute, Arid Region Campus, Beechwal, Bikaner where the experimental animal sheep, Ovis aries were being maintained. They were kept here in different sectors, sent for grazing in the fields and water was provided ad lib. Five experimental animals were chosen for the study from which the rumen liquor was collected for investigations.
Preparation of composite feed-1 (CF-1) and composite feed-2 (CF-2)
The mature grass of Sewan (L. were oven dried at 70 ºC and ground to pass through 1.5 mm sieve to prepare complete feed subjected to in vitro studies. In this prepared composite feed mixture, coconut oil was added at three level of inclusion (0.5, 1 and 2%).
Chemical analysis of composite feeds
The parameters determined included organic matter 13 ; Neutral detergent fibre (NDF), Acid Detergent Fibre (ADF) and
Hemicellulose, cellulose and lignin 14 , while, cellulose was calculated as a loss during 72% acid treatment; Hemicellulose was determined by the difference between neutral detergent fibre and acid detergent fibre. The other parameters ascertained were Crude protein 13 Condensed Tannin (CT) 15 and Total phenol 16 .
In vitro gas production
The incubation media 17 was prepared to adjudge in vitro gas production. .
Preparation of inoculums
Rumen liquor was collected using a stomach tube under low vacuum from five mature sheep managed on L. sindicus (sewan), dominated pastured and each receiving 300g/d concentrate supplement. The collected rumen liquor was immediately transferred into pre-warmed thermo flask and was taken to laboratory. The rumen liquor was filtered through two layers of muslin cloth, before mixing with buffer under carbon dioxide flux. All the solutions were poured in Woulff flask, mixed with magnetic stirrer, warmed to 39ºC in water bath with a thermometer and were refluxed with carbon dioxide as shown in after solution became clear, rumen liquor was added to it (Table 2 ).
In vitro gas production test
The gas production was determined 17 , in vitro dry matter degradability was determined 18 , OMD%, ME and SCFA were calculated by equation 17, 19 . After complete rumen liquor buffer was prepared its pH was determined using digital pH meter
Estimation of methane on gas liquid chromatography
Standard
The standard gas for methane estimation consisted of 50% methane and 50% carbon dioxide of this mixture 10l was injected with help of 100 l Hamilton gas tight syringe in the column.
Sample
The gas produced in fermentation was directly used for methane estimation by injecting 10 l of sample gas in methane column as shown in Plate 5. The rate of gas flow was regulated by pressure valves provided in cylinder and after opening the valves of cylinder, the nitrogen cylinder was opened and was made to flow alone till FID and column oven reached to temperature of 60 ºC after that hydrogen and air valves were opened and flame was lighted with flame lighter, then sample was injected in column at injecting port.
Temperature
Injector oven 50ºC
Column oven 60ºC
Detector over 60ºC
Sample size 100ml
Calculation
After completing the estimation of methane gas the hydrogen and air cylinder were closed then cooling program was switched on, when oven reached to temperature below 50ºC, oven gates were opened and nitrogen supply was closed down and power supply was switched off.
Protozoan count
The Protozoa number was also determined or counted 20 .
Chemical analysis of rumen liquor
Estimation of volatile fatty acid was done employing gas liquid chromatography; Total-N 13 and Ammonia-nitrogen content 21 were other rumen parameters estimated.
Statistical analysis
The analysis of data was done using SPSS version 10.0 and was subjected to one way ANOVA and significant differences were separated by using Duncan's Multiple Range test.
Results
An in vitro trial was conducted in fermentation vessels using composite feed-1 and composite feed 2 and adding different levels of coconut oil along with buffered rumen liquor of sheep to observe the effect of oil on rumen methanogenesis and fermentation. The chemical composition of CF-1 and CF-2 are presented in Table 1 .
The effect of adding various levels of coconut oil (CO) on CF-1 and CF-2 related to gas production and digestibility are presented in Tables 3 and 4 . The effect of adding various levels of coconut oil (CO) on total gas productions at different hours is depicted in Figs.1 and 2. The total gas production (ml/g DM) in respect to various levels of CO viz., 0, 0.5,1 and 2 (µl/ml) was observed to be 147.60, 118.10, 106.60 and 102.10 respectively. While comparing the effect of three different levels of CO (0.5, 1 and 2 µl/ ml) on total gas production with control, it was found to decrease significantly (p < 0.01). But when the three treatments were compared among themselves then after 1 µl/ml the decrease was found to be non significant. at 0, 0.5,1 and 2 µl/ml level of CO respectively. On comparing with control it was observed at 1 and 2 µl/ml levels of CO the methane gas concentration significantly decreased, while at 0.5 µl/ml level of CO the decrease in methane gas concentration as found to be non significant. While comparing the methane production resulting as an addition of CO at three levels it was found that 0.5 µl/ ml and 1 µl/ml and 1 µl/ml and 2 µl/ ml differed non-significantly with each other while a significant difference was observed between 0.5 µl/ml and 2 µl/ml treatments. The metabolisable energy (ME) and short chain fatty acid (SCFA) in respect to various levels of CO viz.,0,0.5,1 and 2
(µl/ml) in CF-1 was observed to be 6.97, 5.75, 5.86 and 5.58 (MJ/Kg DM) ; while SCFA was noted to be 0.5619,0.3621,0.3798 and 0.3343(µmol) respectively. It was found that three levels of CO showed a significant (p < 0.05) decrease in ME and SCFA compared to control, while the decrease in ME and SCFA was not significant between three levels of CO. The MBP was observed to be 551.02, 474.60, 438.32, and 432.20(g/kg) at 0, 0.5, 1 and 2 (µl/ml) level of CO respectively. While comparing with control the three levels of CO showed a significant (p<0.05) decrease in MBP, but when three treatments were compared among themselves the decrease in MBP was found to be non significant after 1 µl/ml level of CO. The TDDM in respect to various levels of CO viz., 0, 0. respectively. A significant decrease in TDDM, TDOM and TDNDF at all three levels of CO with respect to control was observed. After 1 µl/ml level of CO, a non significant decrease was observed while comparing amongst the three treatments of CO. The effect of adding various levels of CO on CF-1 related to fermentation are given in Tables 5 and of CF-2 in Table 6 where as the other two levels (0.5 and 1 µl/ml) showed a non significant effect with control. While comparing the three treatments of CO among themselves the decrease in TVFA, acetate, propionate was noted to be significant between 1 and 2 µl/ml and between 0.5 and 2 µl/ml of CO where as non significant decrease was observed between 0.5 and 1 µl/ml. The three treatments of CO showed a non significant decrease in concentration of butyrate and A:P ratio with control and between each other. The pH in respect to various levels of CO viz., 0, 0 5, 1 and 2 (µl/ ml) in CF-1 was observed to be 6.82, 
Discussions
Gas Production and Methane Production (GP & CH4)
During the present investigation, it was observed that increasing concentration of CO in CF-1, CF-2 resulted in the linear decrease in total gas production upto 38.67%. Similarly methane gas concentration also showed decrease in linear manner with CO supplementation upto 4.17% in CF-1 while the inclusion of CO in CF-2 did not effect the total gas production and methane gas concentration. The results indicates that inclusion of increasing level of CO in CF-1 significantly decreased the total gas production which is similar to the earlier documented 22, 23, 24, 25 . Moreover, it has been observed decrease in methane gas production by addition of unsaturated fatty acid essential oil, serve as electron acceptor during biohydrogenation in rumen. A decrease in total gas production and methane production was highly pronounced in CF-1 which had 40% of concentrate as compared to CF-2 which had 25% of concentrate is in conformation to earlier report 26 -who also observed the increase in proportion of concentrate in the diet reduced methane and gas production more efficiently by 7 to 40%. Other outcomes 27 also support the present finding that a reduction in methane production by 33% was observed by addition of 4% canola oil in diet containing 85% concentrates, . abc Means with different superscripts in a row differ significantly (p<0.01); **P<0.01(highly significant), *P<0.05(significant),NS=non significant Net gas volume (TG=ml/g), Methane (MET= l/kg DM), organic matter digestibility (OMD= %), Metabolizable energy (ME= MJ/Kg DM), Short chain fatty acids (SCFA=µ mol), Microbial bio mass production (MBP= g/Kg DM) and Partitioning factor (PF) ,Truly degradability of Dry Matter (TDDM=g/kg DM), Organic matter (TDOM= g/kg DM) and NDF (TNDF=g/kg DM) of the experimental diets The inclusion of CO in CF-1 decreased the total gas production when its concentration was 1 µl/ml but further there was no significant decrease while the inclusion of CO in CF-2 did not effect the total gas production. This indicates that the total gas production was less effected with inclusion of CO in the diet. A decrease of 73% in methane production by inclusion of 7% CO in diet containing concentrate as compared to forage diet has also been reported earlier 11
. Dietary supplementation containing higher prortion of concentrate with myristic acid rich in coconut oil reduced methane production has been reported by earlier worker 28 . Ti has been suggested that the CO containing medium chain fatty acid has potential to reduce methanogenesis 9, 29 . All these support the present outcomes.
Metabolizable energy and short chain fatty acids (ME & SCFA)
ME and SCFA production could be predicted from gas values and the result of the present investigations showed that ME and SCFA decreased (p < 0.05) significantly from control with increasing level of CO in CF-1 as well as CF-2, however, the inclusion of CO in CF-2 production has an indirect relationship with metabolisable energy and is regarded as indicator of carbohydrate degradation as well as the gas volume is considered to be a good parameter to predict digestibility, fermentation end product and microbial protein synthesis of substrate by rumen microbes in the in vitro system. It has been suggested that the fermentation of carbohydrate to acetate, propionate and butyrate results in gas production and total gas produced reflects to substantial changes in carbohydrate fractions.
Gas production is basically the result of fermentation of carbohydrate to acetate, propionate and butyrate 30 and substantial changes in carbohydrate fractions were reflected by total gas produced 31 suggesting that probably a shift in the proportion of ME and SCFA will be reflected by changes in gas production. The incorporation of CO in both the diets CF-1 and CF-2 decreased MBP significantly (p < 0.01) but reduction was very pronounced in CF-1 containing 40%
concentrate which is similar to earlier reports 26 . The rumen MBP decreased more in diet containing the higher amount of concentrate was also ascertained.
True digestibilty of neutral detergent fibre (NDF), dry matter (DM) and organic matter (OM)
The inclusion of CO drastically decreased TDDM, TDOM and TDNDF but did not decrease significantly at higher levels. The addition of fats in the diet decreases the fiber digestibility 
Total volatile fatty acid (TVFA) concentration and acetate: propionate (A:P) ratio
By the inclusion of CO in CF-1 the TVFA concentration remained similar upto 1 µl/ml level and reduced significantly at 2 µl/ml level did not effect the A:P ratio, while in CF-2 the inclusion of CO did not effect the TVFA as well as A:P ratio. This is similar to the earlier findings 10, 36 who, noted that inclusion of CO did not effect TVFA concentration. No effect in TVFA concentration when sheep were fed with diet 60:40 (silage: concentrate) with 100 mg of essential oil has also been earlier documented 37 . The end product of microbial fermentation is VFA and the main supply of metabolizable energy for ruminants is represented by it has been suggested by some workers 38 . Therefore, a reduction in these productions would be nutritionally unfavorable for the animal 39 . The decrease in TVFA concentration and increase in A: P ratio by inclusion of oils in the diet has also been observed earlier 40, 41 .
The increasing level of peppermint oil reduced the TVFA concentration and increased A: P ratio has earlier been suggested 42 .Higher A: P ratio accompanied by reduction in vitro methane emission by inclusion of essential oil of clove in diet has been reported 43 ) Adecrease in TVFA by incorporation of higher levels of essential oil in diet which is consistent with their antimicrobial activity has been observed 44 and has been suggested that decrease in TVFA is due to reduction in feed digestibility 45 . , The effect of essential oils on TVFA and A:P ratio is pH and diet dependent 46, 47 . The author 46 further suggested that at pH 6-7 the total VFA concentration decreased and A: P ratio increased. A similar reduction in acetate proportion,A:P ratio and increased TVFA at lower pH (5-5.5) has been noted by earelier workers 48 . Decrease in TVFA with inclusion of essential oil without any change in pH has been found 49 . Reports on the increase in TVFA production and decrease in A: P ratio in a diet containing more proportion of concentrate compared to forage are also available 50 . Therefore it may be suggested that difference in VFA pattern due to essential oil might be due to difference in diet used in different experiments during the present study.
pH of ruminal fliud
The inclusion of CO in CF-1 and CF-2 did not affect rumen pH during the present investigation. Similar observations were also made earlier 32, 49 and authors found no change in rumen pH by inclusion of essential oil in the diet. As pH decreases acid tends to become undissociated and more hydrophobic thereby interacting more easily with cell membrane and exerting their antimicrobial effect. Further more bacteria seen to be more susceptible to the effects of essential oils at low pH 51 . In this study, the pH of in vitro, rumen fluid varied from 6.45 to 7.0 which were within the normal range of rumen pH (6.45 to 7.00). The result indicated that feeding oil had no adverse effect on rumen pH in sheep.
Ammonia nitrogen concentration (NH3-N)
The inclusion of CO in CF-2 showed no effect on runimal NH3-N concentration, which is in conformation to the earlier report 42 wherein no effect was found on NH3-N concentration by inclusion of peppermint oil, while, no effect in the rumen NH3-N concentration by inclusion of coconut oil has also been noted The inclusion of CO in CF-1 increased the NH3-N concentration significantly (p < 0.05) during the present study indicating that deamination activity is not inhibited. This gets support from the earlier findings 52 where an increase in NH3-N concentration was documented in rumen of cattle fed with diet having high proportion of concentrate with supplementation of eugenol and also it was also noticed that deaminase activity was not inhibited.
Total -N concentration
The inclusion of CO in CF-1 reduced the total -N concentration significantly (p < 0.05) as compared to control, but inclusion of CO in CF-1 did not show any significant decrease. Similar results with respect to be total -N was also observed by addition of CO in CF-2 during the present study. Earlier, a significant decrease (p < 0.01) with increasing levels of oils, but no change in total-N was observed with inclusion of peppermint oil in the diet 53 . The difference in total -N pattern in different experiments might be due to difference in type and dose of essential oils used.
Protozoa number
The addition of CO in both diets CF-1 and CF-2 depressed protozoa count significantly (p<0.01). A decrease in protozoa number by Supplementation of unsaturated fatty acid reduced the protozoan population in sheep rumen has also been suggested earlier 54 .It has been found that inclusion of CO in the diet caused reduction in protozoan number 55 . Decrease in methane production is also accompanied by reduction in the number of protozoa resulting from increased oil concentration. Close association of methanogenic bacteria with protozoa population might have adversely affected methanogenic archea which caused methane inhibition.
Conclusions
Inclusion of oils tended to decrease GP, ME, SCFA, TDDM and MBP. The effect was more pronounced when CO level was 1.0 µl/ml or higher. From the above gas production and fermentation parameters noticed in two diets CF-1 and CF-2 with inclusion of different levels of CO, it can be envisaged and concluded that increasing the proportion of concentrate in diets and using CO as a feed additive increases the rumen efficiency by reducing the methane concentration and gas production.
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